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Abstract: Tumor-associated macrophages (TAMs) are important immune cells in the tumor micro-environment (TME)
and play a key role in the occurrence and development of cervical cancer. Besides, targeting TAMs can significantly
inhibit cervical cancer tumor growth, invasion, metastasis, and angiogenesis as well as affect immune regulation.
This review summarizes the correlation between TAM and tumors, the mechanism of action of TAM in cervical can-
cer, and the potential application of TAM in the treatment of cervical cancer. Therefore, this study may provide new
ideas and targets for the development of further treatment strategies for cervical cancer patients.
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Introduction

Cervical cancer (CC) is the most common ma-
lignant tumor of the female reproductive sys-
tem, with increasing incidence and a younger
age of onset [1]. More than 600,000 new cases
of cervical cancer and 340,000 deaths are
reported yearly worldwide [2]. Studies have
shown that persistent infection with human
papillomavirus (HPV-16 and HPV-18) is a key
risk factor for cervical cancer, accounting for
about 80% to 90% [3]. In addition, some stud-
ies have shown that the incidence of cervical
cancer may be related to early marriage, multi-
ple births, dietary habits, poor local hygiene,
oral contraceptives, etc. These factors mainly
promote the occurrence and development of
cervical cancer by affecting the tumor micro-
environment.

Although there are currently five treatments for
cervical cancer (surgery, radiotherapy, chemo-
therapy, targeted therapy, and immunothera-
py), the treatment effect of advanced and
recurrent cervical cancer is poor. Therefore,
further studies should assess how to im-
prove the treatment strategy for cervical can-
cer, reduce the recurrence rate, and improve
the five-year survival rate are.

Tumor microenvironment (TME) has become
one of the hot topics in the current research
field in recent years. Studies have demonstrat-
ed that tumor-associated macrophages (TAMs)
are immune cells in the TME, accounting for
30% to 50% of TME cells [3]. TAMs can promo-
te tumor development, invasion, metastasis,
immunosuppression, and angiogenesis [4-6].
TAMs also play a key role in the occurrence and
development of cervical cancer and are a
potential target for immunotherapy in patients
with cervical cancer. However, the role of TAMs
in cervical cancer is complex, where TAM clear-
ance or polarization of related phenotypes may
contribute to tumor immunotherapy [7, 8]. This
review focuses on the correlation between
TAMs and tumors, the potential functional
mechanisms of TAMs in cervical cancer, and
the potential applications of TAMs in the tre-
atment of cervical cancer, in order to provide
new ideas for the immunotherapy of cervical
cancer.

Correlation between TAM and tumor
The main sources and differentiation of TAMs

Tumor-associated macrophages (TAMs) are im-
portant components of the TME [9]. TAMs can
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promote tumor development, invasion, metas-
tasis, immunosuppression, and angiogenesis
by secreting cytokines and chemokines as
well as coordinating inflammatory mechanisms
[4-6]. TAMs also act as immunomodulators in
the TME, and a potential target for immunother-
apy in cancer patients [10]. Some TAMs are
derived from embryos and maintain their activi-
ties through continuous self-renewal, such as
Kupffer cells in the liver, spleen, and lymph
nodes; osteoclasts in bone tissue; microglia in
nerve tissue; Langerhans cells in skin tissue
and alveolar macrophages in the lungs [3]. In
addition, most TAMs originate from peripheral
blood monocytes in the bone marrow [11].
Many pro-inflammatory mediators recruit circu-
lating monocytes to tumors, inflamed or infect-
ed tissues, and differentiate them into mac-
rophages [12]. Studies have shown that the
spleen significantly impacts monocyte-derived
TAMs, which play an important role in inflam-
matory responses. Monocyte-derived TAMs are
also an important extramedullary site that can
continuously provide monocytes to developing
tumors [13]. Notably, macrophages differenti-
ate into two functional phenotypes (classically
activated macrophages (M1) and alternatively
activated macrophages (M2)) under the influ-
ence of different signalsin TME [14]. Specifically,
macrophages can differentiate into M1 macro-
phages under the induction of lipopolysaccha-
rides (LPS) or interferon-y (IFN-y) in vitro, which
mainly secrete nitric oxide and inflammatory
cytokines, such as interleukin-12 (IL-12), inter-
leukin-23 (IL-23), histocompatibility complex I
(MHCII) and B7 family members (B7-1 (CD80)
and B7-2 (CD86)) [15]. M1 macrophages mainly
participate in the immune response, play an
antigen presentation function, enhance the
inflammatory response, and play an anti-tumor
role by activating helper T cell 1 (Th1). However,
monocytes differentiate into M2 macrophages
in the presence of colony-stimulating factor 1
(CSF-1), IL-4, 1L-10, 1L-13, glucocorticoids, and
immune complexes induced by IL-1R ligands
[16]. M2 macrophages mainly inhibit immune
response by secreting transforming growth fac-
tor B (TGF-B), IL-10, etc., secretes IL-1 chemo-
kine receptor antagonist matrix metalloprotein-
ase (MMP) and upregulates MHC to participate
in tissue remodeling and immune tolerance
[17]. Notably, M2 macrophages stimulate tu-
mor invasion, growth, and metastasis, thus
inhibiting the anti-tumor effect of T cells. In
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addition, the latest studies have shown that M2
macrophages are divided into four subtypes
according to different stimuli: M2a (induced by
IL-4 and IL-23); M2b (induced by immune com-
plexes containing IL-13 or LPS); M2c (induced
by IL-10, TGF-B and glucocorticoids) and M2d
(induced by IL-6) [18]. Although M2 macro-
phage subtypes play a common anti-inflamma-
tory and immunomodulatory role, they have
some different functions. For example, the M2a
subtype is mainly involved in tissue fibrosis, the
M2b subtype mainly promotes tumor develop-
ment, the M2c subtype is mainly responsible
for tissue remodeling, and the M2d subtype
mainly promotes angiogenesis [19] (Figure 1).

Phenotypic changes of TAMs during tumori-
genesis and progression

The polarization state of macrophages is very
complex. TME has macrophages with M1 char-
acteristics, M2 characteristics, and those with
neither. The polarization process of TAMs is
directly affected by cancer cells within the TME.
Besides, TME changes or therapeutic interven-
tions can alter the polarization process [20],
indicating that macrophages may be potential
therapeutic targets. M1 macrophages in TME
initiate immune responses, destroy tissue in-
tegrity, and initiate anti-tumor responses in the
early stages of tumorigenesis [21]. Some stud-
ies have indicated that M1 macrophages pres-
ent antigens to T cell receptors (TCR) [20],
tumor-derived chemokines CXCL9, CXCL10,
and CXCL11 [22]. The antigens are then secret-
ed into the TME to recruit and activate NK cells
[23], thereby achieving the anti-tumor effect.
Therefore, high expression of NK cell cytokines
(IFN-y and TNF-&) and chemokines (CCL4, CCL5
and CCL23) can recruit more immune cells
and send anti-tumor signals [20-23]. However,
factors released in the TME (IL-10, IL-4, and
IL-13) during tumor development polarize M1
macrophages into M2 macrophages, thus ex-
hibiting various characteristics, such as pro-
angiogenesis, pro-fibrosis, and suppression
of immune activity, thereby promoting tumor
growth and metastasis [24]. Studies have also
shown that TAMs express M1 markers in the
early stages of lung cancer. Notably, the macro-
phage phenotype changes from M1 to M2 dur-
ing lung cancer progression [25]. M1 and M2
macrophages play a central role in the occur-
rence and development of breast cancer. Clark
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Figure 1. Phenotypic polarization of TAMs (by figdraw). TAMs may be polarized into classically activated M1 macro-
phages and alternatively activated M2 macrophages. M1 macrophages are activated by LPS and INF-y, while M2
macrophages are activated by IL-4, IL-10, IL.-13, CFS-1, and glucocorticoids. M2 macrophages are further subdivided
into M2a, M2b, M2c, and M2d based on different microenvironmental stimuli, leading to tissue fibrosis, tumor
development, tissue remodeling, and angiogenesis, thereby promoting tumor development. IL, interleukin; LPS,
lipopolysaccharide; IC, immune complex; CSF, colony-stimulating factor.

et al. found that the cell microenvironment con-
structed by breast cancer cells can inhibit the
expression of inflammatory response factors in
breast cancer and adjacent tissues [26], lead-
ing to the accumulation of M2 cells, transdif-
ferentiation of MO/M1 cells into M2 cells, and
the formation of TAM. In addition, many studies
have revealed that M2 macrophage polariza-
tion is associated with tumor development.
For example, Circ-ITGB6 accelerates cisplatin
resistance in ovarian cancer by inhibiting mac-
rophage M2 polarization [27]; MiR-423-3p sup-
presses the development of cervical cancer
by inhibiting macrophage M2 polarization [28].
Therefore, further studies should explore the
mechanism of action of tumor-associated mac-
rophages in cervical cancer and provide new
strategies for the treatment of cervical cancer.

Novel TAM subpopulations based on single-cell
RNA sequencing

Single-cell RNA sequencing (scRNA-seq) can
discover the relationship between genes and
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reveal the subpopulations of rare cell popula-
tions. scRNA-seq divides TAMs in solid tumors
into four subgroups based on core gene char-
acteristics (C1Q+, SPP1+, FCN1+, and CCL18+
TAM subgroups) [13]. These TAM subgroups
have high phenotypic plasticity and tumor het-
erogeneity [29]. The C1Q+TAM subgroup ex-
presses C1QA/B/C, especially in colorectal
cancer [30] and cervical cancer [31]. Cervical
cancer patients with high C1QC expression
have a better prognosis than those with low
C1QC expression. The C1Q+TAM subgroup
mainly induces immunomodulation and immu-
nosuppression effects. This subgroup relies on
the recognition molecule C1Q of the classical
complement pathway to bind to the immune
complex in the TAM for the functions [13]. In
addition, C1Q can interact with endothelial cells
through cell surface receptors, thereby promot-
ing the formation of new blood vessels [32].
The SPP1+TAM subpopulation is mainly identi-
fied by the specific expression of the SPP1
gene. The SPP1+TAM subpopulation plays many
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roles in tumors, including tumor metastasis,
angiogenesis, and tumor stem cell activation
[13]. The promotion of tumor cell invasion is
related to the high expression of MMP9,
MMP12, MMP14, and MMP19 in SPP1+ ma-
crophages in tumor tissues [33]. Besides, the
promotion of angiogenesis and tumor metasta-
sis is related to the main metabolic pathway of
SPP1+ macrophages (glycolysis) [34]. Li et al.
found that cervical cancer patients with low
SPP1 expression have the best prognosis, whi-
le patients with high SPP1 expression have the
worst prognosis [31]. FCN1+TAM subpopulation
is the precursor of C1Q+TAM, mainly derived
from inflammatory monocytes and involved in
infammatory response [34]. A recent study
showed [35] that FCN1 is almost exclusively
expressed in macrophages infiltrating the co-
lonic mucosa of children with inflammatory
bowel disease, indicating that it may be a
novel and promising diagnostic biomarker for
inflammatory bowel disease in children. The
CCL18+TAM subgroup is characterized by the
expression of the core gene CCL18, which is
mainly related to the immunosuppression of
the TAM. CCL18 is in an immunosuppressive
state in tumor tissues [36]. Studies have shown
that the CCL18+TAM subgroup can affect tumor
cell proliferation, migration induction, invasion,
angiogenesis, and vasculogenesis [37], indicat-
ing that CCL18 may become a potential target
for anticancer therapy. Although scRNA-seq
data have suggested that TAM subgroups have
different functions, further studies should clari-
fy the functions of these different subgroups
for guiding tumor treatment (Figure 2).

The mechanism of action of TAM in cervical
cancer

TAMs promote the proliferation, invasion and
metastasis of cervical cancer cells

TAMs and tumor cells promote cancer cell pro-
liferation in TME mainly by secreting cytokines.
Besides, the interaction of different types of
stromal protumor cells, including TAMs pro-
motes tumor invasion and metastasis [2]. In
addition, the ECM-degrading enzymes (serine
proteases, metalloproteinases, and cathep-
sins) released by TAMs relax the fibrous con-
nective tissue around the tumor, followed by
the detaching of tumor cells from the solid
tumor tissue, which then enter the systemic cir-
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culation, resulting in distant metastasis [38].
Some scholars [39] have found that M2 TAM
can upregulate PD-L1 in cervical cancer cells
through the PI3K/AKT pathway and enhance
their migration and invasion capabilities, thus
affect tumor progression. Nuclear factor of acti-
vated T cells 1 (NFATc1) is mainly expressed in
the TME, especially in macrophages. M2 TAM
can regulate the function of macrophages,
thereby increasing tumor invasive activity and
promoting tumor development. Tan et al. sh-
owed that NFATcl-induced M2 macrophages
can promote the proliferation, migration, and
invasion of cervical cancer cells. Furthermore,
they showed that NFATc1 knockout can signifi-
cantly inhibit the tumor-promoting function of
TAMs [40]. FGD5 antisense RNA1 (FGD5-AS1)
can directly target miR-129-5p, mainly by induc-
ing bone marrow stromal cell antigen 2 (BST2)
in cervical cancer, promoting M2 macrophage
polarization, thereby leading to the develop-
ment of cervical cancer [41]. Shen Lin et al. [8]
found that astragaloside IV (AS-1V) can signifi-
cantly inhibit M2 polarization of macrophages,
mainly manifested as reduced expression of
CD163, IL-10, TGFB, and CD206. AS-IV inac-
tivates TGF-B/Smad2/3 signal transduction,
thereby preventing the migration and epithe-
lial-mesenchymal transition of cervical cancer
cells. Similarly, Jin et al. found that SPI1-related
protein (SPIB) can inhibit cervical cancer cell
progression and macrophage migration in cer-
vical cancer [42]. In addition, co-culture system
of cancer cells and macrophages, has shown
that IL-17A overexpression can promote the
polarization of M2 macrophages in cervical
cancer. Notably, Oct4 (a homeodomain tran-
scription factor of the POU family) binds to cer-
vical cancer cells and transcriptionally acti-
vates IL-17A, thereby upregulating IL-17A and
promoting the proliferation, migration and inva-
sion of cervical cancer cells [43]. This discovery
has the potential to be a therapeutic target cer-
vical cancer treatment.

TAMs regulate involved in angiogenesis in
cervical cancer cells

Angiogenesis is crucial in TME. Angiogenesis
forms new blood vessels from existing blood
vessels, and provides rich nutrients for tu-
mor growth. Therefore, anti-angiogenic therapy
plays an important role in cancer treatment.
Studies have shown that TAM participates in
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Figure 2. Potential function of the novel TAM subpopulation in TAM (by figdraw). According to the characteristics of
core genes, the TAM in solid tumors was divided into four subgroups. The CCL18+TAM subgroup and the C1Q+TAM
subgroup mainly played immunosuppressive functions, and the C1Q+TAM subgroup mostly existed in colorectal
cancer and cervical cancer. FCN1+TAM subgroup is the precursor of C1Q+TAM, which is mainly involved in inflam-
matory response. The SPP1+TAM subpopulation plays a variety of roles, including involvement in tumor metastasis,

angiogenesis, and activation of tumor stem cells.

tumor angiogenesis by secreting pro-angiogen-
ic factors (VEGF-A, EGF, PIGF, TGF-B, TNF-c,
IL-1B, IL-8, CCL2, CXCL8, and CXCL12) [44].
Studies have found [45] that macrophages
induced by anaerobic digestive streptococci
stimulate angiogenesis in cervical cancer main-
ly by secreting vascular endothelial growth fac-
tor (VEGF), thereby promoting the development
of cervical cancer. Cytoskeleton-associated
protein 2 (CKAP2) is a microtubule-stabilizing
tubulin that regulates aneuploidy, cell cycle,
apoptosis, and cell senescence in a p53/TP53-
dependent manner. CKAP2 also plays an im-
portant role in controlling cell division [46]. Guo
et al. [47] found that CKAP2 can regulate the
proliferation of endothelial cells in TME and
promote the development of cervical cancer
with the help of TAM. CKAP2 mainly regulates
TME through NF-kB signaling, thus inducing
cervical cancer progression. In addition, stud-
ies have shown [48] that macrophages (TEM)
expressing tyrosine kinase containing immuno-
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globulin and epidermal growth factor homology
domain 2 (TIE2) can promote the development
of cervical cancer. Notably, TIE2 protein is
directly transferred from TIE2-high-expressing
cervical cancer cells to monocytes and macro-
phages through exosomes, thereby increasing
tumor-infiltrating TEM and tumor microvascular
intensity. Besides, in vitro and in vitro experi-
ments have confirmed the mechanism. In addi-
tion, TAMs increase tumor angiogenesis by
inducing pro-inflammatory mediators, such as
IL-1 and IL-6, thereby upregulating the produc-
tion of pro-angiogenic factors [44]. These find-
ings provide new insights into the angiogenic
mechanisms of cervical cancer and may pro-
vide new ideas for improving anti-angiogenic
therapy.

TAMs regulate autophagy and immune escape
in cervical cancer cells

Autophagy is a conserved process that occurs
in tumor cells. Autophagy levels are upregulat-
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ed due to the rapid proliferation, nutrient depri-
vation, and hypoxia of tumor cells. Studies have
shown that autophagy in cancer cells promotes
immunosuppression and tumor growth [49].
Besides, stud autophagy can promote antigen
presentation and immune activation [50]. Yang
et al. found that IFN-y significantly increases
the autophagy levels of HelLa and SiHa cells
by promoting the expression of indoleamine-
2,3-dioxygenase-1 (IDO1). Notably, IFN-y-IDO1
axis may inhibit the progression of cervical can-
cer by promoting the accumulation of kynuren-
ine in cells, enhancing the phagocytosis of
macrophages, and further upregulating the
autophagy level of cervical cancer cells [51].
The latest research reports have shown that
autophagy can regulate. TAM plasticity and
functional polarization in TME, mainly by regu-
lating antigen presentation, LC3-related pha-
gocytosis, cytokine secretion, inflammasome.
TAM recruitment, differentiation and polariza-
tion, etc. [52]. TAMs can regulate the Killing
effect of T cells and NK cells on tumor cells,
and directly inhibit the proliferation of CD8+ T
cells through the metabolism of L-arginine by
arginase 1, oxygen free radicals, or nitrogen
substances [53]. Studies have reported [54]
that the interaction between MO macrophages
and naive CD4+ T cells in the TME of cervical
cancer helps prevent tumor escape. Cancer
cells evade the immune system through the
expression of CD47, a cell surface protein th-
at interacts with signal regulatory protein «
(SIRPa) on the surface of macrophages to pre-
vent phagocytosis [55, 56]. Chen et al. found
that oncogenic transcription factor 1 (ZEB1)
can activate the transcription of the CD47 gene
in cervical squamous cell carcinoma (CSCC)
under hypoxic conditions, thereby promoting
immune evasion in cervical cancer cells by
enhancing the CD47-SIRPa axis. They also
found that endogenous ZEB1 is enriched in
exosomes derived from hypoxic CSCC cells.
ZEB1 are transferred to macrophages through
these exosomes [57]. As a result, TAM has
become a novel target for the treatment of cer-
vical cancer.

Other mechanisms of action of TAM in cervical
cancer

High mobility group protein 1 (HMGB1) is a

multifunctional redox-sensitive protein primari-
ly involved in various intracellular (such as chro-
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matin remodeling, and transcription, autopha-
gy) and extracellular (inflammation and au-
toimmunity) processes. A recent study demon-
strated [58] that targeting extracellular HMGB1
can significantly remodel the tumor immune
microenvironment. Notably, inhibiting HMGB1
leads to a significant decrease in monocyte/
granulocyte myeloid suppressor cells (MDSC)
and regulatory T lymphocytes, an increase in
the macrophage M1/M2 ratio, and an increas-
ed in activation of dendritic cells (DC) and plas-
macytoid dendritic cells and (pDC), thereby
achieving effective cancer treatment. In addi-
tion, studies have found [59] a new lymphatic
pattern in the TME, where lymphatic vessels
(LV) are wrapped by tumor-associated macro-
phages (LVEM) to form an interconnected net-
work. This is common in cervical cancer lym-
phatic metastasis and actively participates in
lymphatic metastasis. In addition, Spi1-highly
expressed lymphatic endothelial cells can se-
lectively recruit M2 macrophages, forming a
unigue metastasis-promoting mode. Sp1-highly
expressed lymphatic endothelial cells promote
the transcriptional activation of C-C motif che-
mokine ligand 1 (CCL1), which promotes the
recruitment of TAMs and tumor cells, thereby
forming a positive feedback loop to enhance
LVEM formation. This shows that the identifica-
tion of LVEM and its regulatory mechanism pro-
vides a new target for the development of anti-
metastasis therapy for cervical cancer. This
also provides a basis for selecting specific
patient groups that may benefit from certain
molecular-targeted drugs.

Potential application of TAM in the treatment
of cervical cancer

Polarization of TAM clearance or related phe-
notypes

Several studies have shown that an increase in
the number of M1 macrophages indicates a
good prognosis, while an increase in the num-
ber of M2 macrophages indicates a poor prog-
nosis. This suggests that regulating polariza-
tion between macrophages may control tumor
progression [60, 61]. A study found that the
antifungal agent itraconazole (ITZ) can repolar-
ize M2 macrophages to M1 type, reduce the
expression of CD163 and chemokine ligand 18
(CCL18), then inhibit the growth of cervical can-
cer cells (CaSki), showing a good anti-tumor
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effect [62]. Similarly, Chen et al. [63] found th-
at topical Nocardia rubrum cell wall skeleton
(Nr-CWS), as an immunotherapeutic agent, may
regulate the polarization of TAMs from M2 to
M1 through the STAT1/STAT6 pathway, im-
proving local immune responses and reversing
immunosuppression, thereby exerting anti-cer-
vical cancer activity. Liu et al. [7] reported that
low-dose naltrexone (LDN) can inhibit the epi-
thelial-mesenchymal transition of cervical can-
cer cells in vitro, mainly by inhibiting the prolif-
eration, migration, and invasion of Hela cells
and promoting their apoptosis. Meanwhile, LDN
can also indirectly reduce the number of M2
macrophages in the serum of nude mice and
reduce the expression of the anti-inflammatory
factor IL-10. These findings indicate that LDN is
a potential treatment option for cervical cancer.
In addition, Shen Ling et al. [8] found that
astragaloside IV (AS-IV) can significantly inhi-
bit the M2 polarization of macrophages and
reduce CD163, IL-10. TGF-B, CD206 expres-
sion. In conclusion, AS-IV mainly prevents the
migration and epithelial-mesenchymal transi-
tion of cervical cancer cells by inactivating
TGF-B/Smad2/3 signaling, thereby achieving
anti-tumor effects. Similarly, some studies have
found that curcumin can repolarize tumor-asso-
ciated macrophages into M1 macrophages,
while recruiting activated natural killer cells
and I-Tc cells into tumor cells. This has been
verified using a mouse cervical cancer model
[64]. However, the inhibitory activity of chal-
cone 16, as a widely studied anticancer agent,
on cervical cancer HelLa cells may also affect
macrophage polarization, thereby a significant-
ly increasing the levels of M1 type-specific pro-
inflammatory cytokines IL1-f and TNF-a [65].
SOCS2, belonging to the suppressor of cyto-
kine signaling (SOCS) protein family, is closely
related to the occurrence and development of
various cancers [66]. Li et al. found that the
SOCS2 is significantly down-regulated in cervi-
cal cancer tissues. SOCS2 overexpression can
inhibit the polarization of M2 macrophages and
show anti-tumor effects, indicating that it may
be a new therapeutic target and inhibitory fac-
tor for cervical cancer [67]. In addition, some
researchers [68] have identified a new type of
cervical cancer vaccine (a vaccine containing
HPV16E743-77 peptide and adjuvant unmeth-
ylated cytosine phosphate guanosine oligode-
oxynucleotides). The vaccination can induce an
increase in systemic and local CD4+ and CD8+
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T cells, and reduce immunosuppressive cells,
such as myeloid suppressor cells, regulatory T
cells, and M2 tumor-associated macrophages
in a mouse model of cervical cancer, inducing a
strong anti-tumor immune response, thereby
effectively controlling established implanted
tumors. These findings provide some theoreti-
cal support for exploring new treatments for
cervical cancer.

TAMs influence immune checkpoints

PD-L1 is expressed on the tumor surface and
binds to PD-1 on T cells, resisting the killing
effect of T cells in TME, leading to tumor
immune escape [69]. TAMs mainly inhibit the
recruitment and function of T cells through
cytokines, surface immune checkpoint ligands,
and exosomes. Besides, TAMs play a key role in
regulating PD-1/PD-L1 immunosuppression
[70]. Several studies have found that the com-
bination of targeted TAMs therapy and anti-
PD-1/PD-L1 therapy can improve the efficacy
of cancer treatment. Targeted TAMs therapies
mainly include TGF-B inhibitors and colony-
stimulating factor 1 receptor (CSF-1R) inhibi-
tors [71, 72]. Studies have shown [73] that the
combination of TGF-B inhibitor tranilast and
anti-PD-1/PD-L1 can enhance the infiltration of
M1 TAMs in tumor tissues, thereby improving
the efficacy of anti-PD-L1. Furthermore, the
CSF-1R inhibitor PLX3397 (pecidatinib) com-
bined with anti-PD-1 can increase CD8+ T cell
infiltration, thus improving anti-tumor efficacy
[74]. Therefore, the regulation effect of TAMs
on PD-L1 expression in tumor cells should be
clarified for combined therapy. Besides, studies
have shown that secretions or exosomes of
tumor cells transform TAMs from an M1-like
phenotype to an M2-like phenotype [75, 76].
The infiltration of M2-type TAMs in various can-
cers is significantly associated with adverse
clinical outcomes, such as poor prognosis and
tumor progression [77]. Some studies have
found that N6-methyladenosine (m6A) may
affect the polarization or function of macro-
phages in the tumor microenvironment. A study
found that high expression of METTL14 (meth-
yltransferase 14) in cervical cancer tissues can
increase the proportion of PD-1-positive tumor-
associated macrophages, thereby leading to
impaired ability of macrophages to phagocytize
tumor cells. This was verified using C57BL/6J
and BALB/c nude mice [78]. A NiCOL Phase 1
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trial (NCT03298893) [79] found that patients
without progression have higher levels of PD-1
on tumor-infiltrating CD4+ T cells and tumor-
associated macrophages, showing active im-
mune infiltration and enrichment of IFN-relat-
ed pathways. This indicated that concurrent
chemoradiotherapy (CRT) and blockade of the
PD-1 pathway can enhance immune-mediated
tumor control by increasing phagocytosis, cell
death, and antigen presentation. However, fur-
ther studies should validate the findings using
locally advanced cervical cancer with pre-exist-
ing adaptive immune activation.

Nano-drug delivery system regulates and Kills
tumors by targeting TAM

The rapid development of nano-drug delivery
systems provides a potential platform for tu-
mor therapy. Nanoparticles, such as ferrous
oxide [80], zinc oxide [81], and copper oxide
[82], have been widely used in clinical tumor
treatment and diagnosis. Nanoparticle-based
delivery systems can target solid tumors by tar-
geting tumor cells, and stimulating or repro-
gramming immune cells. These systems can
also reshape the TME and change the immune
response, thereby producing effective anti-
tumor immune effects [83]. Many studies have
shown that the nano-drug delivery system can
target TAM, polarize M2 macrophages, and
affect their mediated phagocytosis, thus regu-
lating tumor growth, metastasis, invasion, and
other processes [84]. Li et al. [85] synthesized
a novel nanodrug delivery system using porous
hollow iron oxide nanoparticles (PHNPs) to load
PI3Ky small molecule inhibitors (3-methylade-
nine), and further modified the system using
mannose to target TAMs. This system could
reshape TME by repolarizing TAMs into pro-
inflammatory M1 macrophages. Meanwhile,
the system could reduce the proportion of Treg
cells and the secretion of immunosuppressive
factors, achieving highly efficient inhibition of
tumor growth. Therefore, combining iron oxi-
de nanoparticles with the PI3Ky/Akt signaling
pathway to convert TAM phenotype is a pro-
mising alternative for targeted TAM therapy.
Similarly, some researchers [86] developed a
new smart nanocarrier, polyethylenimine-modi-
fied dendritic mesoporous silica nanoparticles
loaded with microRNA-125a (DMSN-PEI@125a),
and showed that the system could repolarized
TAMs into M1 macrophages, thus inhibiting
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tumor growth in the TC-1 mouse model in a syn-
ergistic manner, showing significant anti-tumor
effect. Kim et al. [87] proposed a nanoemul-
sion (NE)-based immunotherapy platform that
could induce the recruitment and activation of
innate immune cells and the infiltration of lym-
phocytes in a cervical cancer model. The plat-
form could also polarize M2 macrophages,
thereby inhibiting tumor growth and prolonging
survival in primary and re-aggression tumor
models. In addition, a recent study [88] found
that membrane biomimetic nanoparticles, such
as sophorolipid-bound membrane-biomimetic
phosphorylcholine-polylactic acid-glycolic acid
hybrid nanoparticles (SDPN), can improve the
efficiency of oral administration and promote
the transformation of M2 TAM to M1 pheno-
type, thereby effectively reducing tumor metas-
tasis. These findings indicate that the nano-
drug delivery system can improve the targeting
and anti-tumor effects of cervical cancer treat-
ment, providing strong theoretical support for
the treatment of cervical cancer.

Summary and outlook

Targeted therapy has been widely used in the
treatment of various cancers. The role and reg-
ulatory mechanism of TAM in cervical cancer
have been a research hotspot in recent years.
Studies have shown that targeting TAM can
inhibit cervical cancer tumor growth, invasion
and metastasis, and angiogenesis, thus affect-
ing immune regulation. Although a series of
nano-drug delivery systems have been devel-
oped to target TAMs and Kill tumors, there are
still some concerns: 1) Identifying the pheno-
typic polarization and diversity of M2 macro-
phages; 2) Achieving specific targeted therapy;
3) Reducing the toxic side effects of drugs. This
review summarizes the correlation between
TAM and tumors, the mechanism of action of
TAM in cervical cancer, and the potential appli-
cation of TAM in the treatment of cervical can-
cer. In summary, targeting TAMs has great
potential for developing more effective cervical
cancer treatments. These strategies, combin-
ed with surgical treatment, chemoradiotherapy,
targeted therapy, and immunotherapy, can pro-
vide more precise and effective treatment
options for cervical cancer. Nonetheless, fur-
ther studies are needed to provide more effec-
tive and safer treatment methods for cervical
cancer.
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